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INTRODUCTION
Discontinuities of the layer
Loads
Aggressive environments
High strength/mass
TiO2 surface layer
More than 50% of the worldwide production of titanium
Aerospace, aeronautical, racing, biomedical, automotive, naval…
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LITERATURE DATA
Moisture (as little as 1%) has good effects.
Cathodic protection inhibits SCC on titanium.
Static tests
Environment Load [MPa] Time to failure [min]
Air 827 >4463 (no failure)
Methanol 827 17
Fatigue tests
Environment Load [MPa] Cycles to failure
Air 48-965 1385
Methanol 48-965 86
Johnston et al., NASA Technical Note, D-3868, 1967: Stress-Corrosion cracking of Ti-6Al-4V alloy in methanol. 
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Frost and Dugdale, J. Mech. Phys. 
Solids, vol. 5, 1957
CYCLIC
steel
LITERATURE DATA
Higher propagation rate for 
Ti6Al4V
R=0.1 f=10 Hz
S. Baragetti. Notch corrosion fatigue behavior of Ti-6Al-4V. Materials 2014;7(6):4349–66.
S. Baragetti, E.V. Arcieri. Corrosion fatigue behavior of Ti-6Al-4 V: Chemical and mechanical driving forces. International Journal of Fatigue: July 
2018, VoL. 112, July 2018, 301-307
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CYCLIC
LITERATURE DATA
MONOTONIC
S. Baragetti, F. Villa. SCC and corrosion fatigue characterization of a Ti-6Al-4V alloy in a corrosive environment – experiments and numerical models. 
Frattura ed Integrità Strutturale 2014;8(30):84–94.
S. Baragetti, F. Villa. Corrosion fatigue of high-strength titanium alloys under different stress gradients. J Minerals, Metals Mater Soc (JOM) 2015; 67, 5: 
1154–61.
S. Baragetti, E.V. Arcieri. Corrosion fatigue behavior of Ti-6Al-4 V: Chemical and mechanical driving forces. International Journal of Fatigue: July 2018, 
Vol. 112, July 2018, 301-307
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PRELIMINARY MONOTONIC TESTS
1) “Unnotched” specimen in inert environment (air)
2) EDM notched specimen in inert environment (paraffin oil)
3) EDM notched specimen in pure methanol
4) “Unnotched” specimen in pure methanol
5) Sharp notched specimen in pure methanol
OBJECTIVE
INFLUENCE OF THE CRACK LENGTH AND OF THE ENVIRONMENT
OUTLINE
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UTS 
(MPa)
YS 
(MPa)
E 
(MPa)
A%
1000-1100 958-1050 110000 16
MATERIAL MECHANICAL FEATURES AND PREPARATION
grinding papers
diamond paste
Aluminum tape pieces (gasket effect)
Polishing of the specimens
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GEOMETRICAL FEATURES OF THE SPECIMEN
Strain gages
“UNNOTCHED”
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GEOMETRICAL FEATURES OF THE SPECIMEN
EDM NOTCHED
Strain gages
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GEOMETRICAL FEATURES OF THE SPECIMEN
SHARP NOTCHED
Strain gages
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STRESS CONCENTRATION FACTORS
unnotched EDM
sharp
𝑲𝒕 =
𝝈𝒑𝒓𝒊𝒄,𝒎𝒂𝒙
𝑭/𝑨
Unnotched 1.1
EDM 8.1
Sharp 18.0
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TESTING MACHINE
Designed and redesigned
by the research group
Abrasive blasting operations
(more friction)
BEFORE AFTER
SPECIMEN
GRIPPING
POINTS
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
1 1,00 41,16 600,00 207,25
2 2,00 44,59 650,00 224,52
3 3,00 45,28 660,00 227,98
4 4,00 49,39 720,00 248,70
5 5,00 50,08 730,00 252,16
6 6,00 52,14 760,00 262,52
7 6,50 62,00 903,80 312,19
8 7,00 62,30 908,20 313,70
9 7,50 62,60 912,50 315,21
10 8,00 63,00 918,40 317,22
11 8,50 63,30 922,70 318,73
12 9,00 63,80 930,00 321,25
13 9,50 64,30 937,30 323,77
14 10,00 64,80 944,60 326,28
15 11,00 65,30 951,90 328,80
16 11,50 65,80 959,20 331,32
17 12,00 66,30 966,50 333,84
18 12,50 66,80 973,80 336,35
19 13,00 67,30 981,00 338,87
20 13,50 67,80 988,30 341,39
21 14,00 68,30 995,60 343,91
22 14,50 68,80 1002,90 346,42
23 15,00 69,30 1010,20 348,94
24 15,50 69,80 1017,50 351,46
25 16,00 70,30 1024,80 353,98
26 16,50 70,80 1032,10 356,50
27 17,00 71,30 1039,40 359,01
28 17,50 71,80 1046,60 361,53
29 18,00 72,30 1053,90 364,05
30 18,50 72,80 1061,20 366,57
31 19,00 73,30 1068,50 369,08
32 19,50 73,80 1075,80 371,60
33 19,58 74,30 1083,10 374,12
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19 h 35’ 1083 MPa
1. UNNOTCHED SPECIMEN IN INERT ENVIRONMENT (AIR)
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
1 0,50 5,60 100,00 28,17
2 1,00 5,90 105,36 29,68
3 1,50 6,20 110,71 31,19
4 2,00 6,50 116,07 32,70
5 2,50 6,80 121,43 34,21
6 3,00 7,10 126,79 35,71
7 3,50 7,40 132,14 37,22
8 4,00 7,70 137,50 38,73
9 4,50 8,00 142,86 40,24
10 5,00 8,30 148,21 41,75
11 5,50 8,60 153,57 43,26
12 6,00 8,90 158,93 44,77
13 6,50 9,20 164,29 46,28
14 7,00 9,50 169,64 47,79
15 7,67 9,80 175,00 49,30
16 8,33 10,10 180,36 50,80
17 9,00 10,40 185,71 52,31
18 9,67 10,70 191,07 53,82
19 10,33 11,00 196,43 55,33
20 11,00 11,30 201,79 56,84
21 11,67 11,60 207,14 58,35
22 12,33 11,90 212,50 59,86
23 12,83 12,20 217,86 61,37
24 13,33 12,50 223,21 62,88
25 13,83 12,80 228,57 64,39
26 14,33 13,10 233,93 65,90
27 14,83 13,40 239,29 67,40
28 15,33 13,70 244,64 68,91
29 15,83 14,00 250,00 70,42
30 16,33 14,30 255,36 71,93
31 16,83 14,60 260,71 73,44
32 17,33 14,90 266,07 74,95
33 17,83 15,20 271,43 76,46
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Low stress because of the presence of the notch
2. EDM NOTCHED SPECIMEN IN INERT ENVIRONMENT (PARAFFIN OIL)
Scuola di
Stress-Assisted Corrosion Damage V, July 15-20, 2018, Hernstein, Austria
0.00E+00
5.00E-08
1.00E-07
1.50E-07
2.00E-07
2.50E-07
3.00E-07
3.50E-07
0.00 10.00 20.00 30.00 40.00 50.00
S
tr
a
in
ra
te
 [
1
/s
]
Time [h]
0.00
400.00
800.00
1200.00
0.00 10.00 20.00 30.00 40.00 50.00
M
id
d
le
 s
e
c
ti
o
n
[M
P
a
]
Time [h]
0.00
20.00
40.00
60.00
0.00 10.00 20.00 30.00 40.00 50.00
L
o
a
d
 c
e
ll 
[k
N
]
Time [h]
#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
102 33,42 44,00 785,71 221,33
103 33,58 44,50 794,64 223,84
104 33,75 45,00 803,57 226,36
105 33,92 45,50 812,50 228,87
106 34,08 46,00 821,43 231,39
107 34,25 46,50 830,36 233,90
108 34,42 47,00 839,29 236,42
109 34,58 47,50 848,21 238,93
110 34,75 48,00 857,14 241,45
111 35,00 48,50 866,07 243,96
112 35,25 49,00 875,00 246,48
113 35,50 49,50 883,93 248,99
114 35,75 50,00 892,86 251,51
115 36,00 50,50 901,79 254,02
116 36,25 51,00 910,71 256,54
117 36,50 51,50 919,64 259,05
118 36,75 52,00 928,57 261,57
119 37,00 52,50 937,50 264,08
120 37,25 53,00 946,43 266,60
121 37,50 53,50 955,36 269,11
122 37,75 53,80 960,71 270,62
123 38,00 54,10 966,07 272,13
124 38,25 54,40 971,43 273,64
125 38,50 54,70 976,79 275,15
126 38,75 55,00 982,14 276,66
127 39,00 55,30 987,50 278,17
128 39,25 55,60 992,86 279,68
129 39,50 55,90 998,21 281,19
130 39,75 56,20 1003,57 282,70
131 40,00 56,50 1008,93 284,21
132 40,25 56,80 1014,29 285,71
133 40,50 57,10 1019,64 287,22
134 40,54 57,40 1025,00 288,73
40 h 30’ 1025 MPa
~air
2. EDM NOTCHED SPECIMEN IN INERT ENVIRONMENT (PARAFFIN OIL)
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
1 0,25 5,60 100,00 28,17
2 0,50 6,10 108,93 30,68
3 0,75 6,60 117,86 33,20
4 1,00 7,10 126,79 35,71
5 1,25 7,60 135,71 38,23
6 1,50 8,10 144,64 40,74
7 1,75 8,60 153,57 43,26
8 2,00 9,10 162,50 45,77
9 2,25 9,60 171,43 48,29
10 2,50 10,10 180,36 50,80
11 2,75 10,60 189,29 53,32
12 3,00 11,10 198,21 55,84
13 3,25 11,60 207,14 58,35
14 3,50 12,10 216,07 60,87
15 3,75 12,60 225,00 63,38
16 4,00 13,10 233,93 65,90
17 4,25 13,60 242,86 68,41
18 4,50 14,10 251,79 70,93
19 4,75 14,60 260,71 73,44
20 5,00 15,10 269,64 75,96
21 5,25 15,60 278,57 78,47
22 5,50 16,10 287,50 80,99
23 5,75 16,60 296,43 83,50
24 6,00 17,10 305,36 86,02
25 6,25 17,60 314,29 88,53
26 6,50 18,10 323,21 91,05
27 6,75 18,60 332,14 93,56
28 7,00 19,10 341,07 96,08
29 7,25 19,60 350,00 98,59
30 7,50 20,10 358,93 101,11
31 7,75 20,60 367,86 103,62
32 8,00 21,10 376,79 106,14
33 8,25 21,60 385,71 108,65
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3. EDM NOTCHED SPECIMEN IN PURE METHANOL
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
102 12,25 29,60 528,57 148,89
103 12,50 30,10 537,50 151,41
104 12,75 30,60 546,43 153,92
105 13,00 31,10 555,36 156,44
106 13,25 31,60 564,29 158,95
107 13,50 32,10 573,21 161,47
108 13,75 32,60 582,14 163,98
109 14,00 33,10 591,07 166,50
110 14,25 33,60 600,00 169,01
111 14,50 34,10 608,93 171,53
112 14,75 34,60 617,86 174,04
113 15,00 35,10 626,79 176,56
114 15,25 35,60 635,71 179,07
115 15,50 36,10 644,64 181,59
116 15,75 36,60 653,57 184,10
117 16,00 37,10 662,50 186,62
118 16,25 37,60 671,43 189,13
119 16,50 38,10 680,36 191,65
120 16,75 38,60 689,29 194,16
121 17,00 39,10 698,21 196,68
122 17,25 39,60 707,14 199,20
123 17,50 40,10 716,07 201,71
124 17,75 40,60 725,00 204,23
125 18,00 41,10 733,93 206,74
126 18,25 41,60 742,86 209,26
127 18,50 42,10 751,79 211,77
128 18,75 42,60 760,71 214,29
129 19,00 43,10 769,64 216,80
130 19,25 43,60 778,57 219,32
131 19,50 44,10 787,50 221,83
132 19,75 44,60 796,43 224,35
133 20,00 45,10 805,36 226,86
134 20,25 45,60 814,29 229,38
20 h 15’
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3. EDM NOTCHED SPECIMEN IN PURE METHANOL
!
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TANK FOR THE CONTAINMENT OF THE ENVIRONMENT
PVC and silicone
SILICONE IN METHANOL 
SOLUTION!
Bolts and motorsil + cover
RESTART FROM 400 MPa
Methanol diluted with water
See Johnston et al, NASA Technical Note, D-3868, 1967
3. EDM NOTCHED SPECIMEN IN PURE METHANOL
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
82 20,42 22,60 403,57 113,68
83 20,58 23,60 421,43 118,71
84 20,75 24,60 439,29 123,74
85 20,92 25,60 457,14 128,77
86 21,08 26,60 475,00 133,80
87 21,25 27,60 492,86 138,83
88 21,42 28,60 510,71 143,86
89 21,58 29,60 528,57 148,89
90 21,75 30,60 546,43 153,92
91 21,92 31,60 564,29 158,95
92 22,08 32,60 582,14 163,98
93 22,25 33,60 600,00 169,01
94 22,42 34,60 617,86 174,04
95 22,58 35,60 635,71 179,07
96 22,75 36,60 653,57 184,10
97 22,92 37,60 671,43 189,13
98 23,08 38,60 689,29 194,16
82 20,42 22,60 403,57 113,68
83 20,58 23,60 421,43 118,71
84 20,75 24,60 439,29 123,74
85 20,92 25,60 457,14 128,77
86 21,08 26,60 475,00 133,80
87 21,25 27,60 492,86 138,83
88 21,42 28,60 510,71 143,86
89 21,58 29,60 528,57 148,89
90 21,75 30,60 546,43 153,92
91 21,92 31,60 564,29 158,95
92 22,08 32,60 582,14 163,98
93 22,25 33,60 600,00 169,01
94 22,42 34,60 617,86 174,04
95 22,58 35,60 635,71 179,07
96 22,75 36,60 653,57 184,10
97 22,92 37,60 671,43 189,13
98 23,08 38,60 689,29 194,16
23 h 5’ 689 MPa
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More time for the 
methanol attack
3. EDM NOTCHED SPECIMEN IN PURE METHANOL
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𝐾𝑡 = 1.18
Equal stress 
for different 𝐾𝑡
No notch 
sensitivity?
3. EDM NOTCHED SPECIMEN IN PURE METHANOL
S. Baragetti, F. Villa. SCC and corrosion fatigue characterization of a Ti-6Al-4V alloy in a corrosive environment – experiments and numerical models. 
Frattura ed Integrità Strutturale 2014;8(30):84–94.
S. Baragetti, E.V. Arcieri. Corrosion fatigue behavior of Ti-6Al-4 V: Chemical and mechanical driving forces. International Journal of Fatigue: July 
2018, Vol. 112, July 2018, 301-307
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
1 0,25 7,00 100,00 0,25
2 0,50 7,50 107,14 0,50
3 0,75 8,00 114,29 0,75
4 1,00 8,50 121,43 1,00
5 1,25 9,00 128,57 1,25
6 1,50 9,50 135,71 1,50
7 1,75 10,00 142,86 1,75
8 2,00 10,50 150,00 2,00
9 2,25 11,00 157,14 2,25
10 2,50 11,50 164,29 2,50
11 2,75 12,00 171,43 2,75
12 3,00 12,50 178,57 3,00
13 3,25 13,00 185,71 3,25
14 3,50 13,50 192,86 3,50
15 3,75 14,00 200,00 3,75
16 4,00 14,50 207,14 4,00
17 4,25 15,00 214,29 4,25
18 4,50 15,50 221,43 4,50
19 4,75 16,00 228,57 4,75
20 5,00 16,50 235,71 5,00
21 5,25 17,00 242,86 5,25
22 5,50 17,50 250,00 5,50
23 5,75 18,00 257,14 5,75
24 6,00 18,50 264,29 6,00
25 6,25 19,00 271,43 6,25
26 6,50 19,50 278,57 6,50
27 6,75 20,00 285,71 6,75
28 7,00 21,00 300,00 7,00
29 7,25 22,00 314,29 7,25
30 7,50 23,00 328,57 7,50
31 7,75 24,00 342,86 7,75
32 8,00 25,00 357,14 8,00
33 8,25 26,00 371,43 8,25
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4. UNNOTCHED SPECIMEN IN PURE METHANOL
Methanol not removed during
the stops of the test
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
43 23,75 35,00 500,00 176,06
44 24,00 36,00 514,29 181,09
45 24,25 37,00 528,57 186,12
46 24,50 38,00 542,86 191,15
47 24,75 39,00 557,14 196,18
48 25,00 40,00 571,43 201,21
49 25,25 41,00 585,71 206,24
50 25,50 42,00 600,00 211,27
51 25,75 43,00 614,29 216,30
52 26,00 44,00 628,57 221,33
53 26,25 45,00 642,86 226,36
54 26,50 46,00 657,14 231,39
55 26,75 47,00 671,43 236,42
56 27,00 48,00 685,71 241,45
57 27,25 49,00 700,00 246,48
58 27,50 50,00 714,29 251,51
59 29,75 51,00 728,57 256,54
60 30,00 52,00 742,86 261,57
61 30,25 53,00 757,14 266,60
62 30,50 54,00 771,43 271,63
63 30,75 55,00 785,71 276,66
64 31,25 56,00 800,00 281,69
65 31,50 57,00 814,29 286,72
66 31,75 58,00 828,57 291,75
67 32,00 59,00 842,86 296,78
68 32,25 61,00 871,43 306,84
69 32,50 63,00 900,00 316,90
70 32,75 65,00 928,57 326,96
71 33,00 67,00 957,14 337,02
72 33,25 69,00 985,71 347,08
73 73,25 IMMERSION
74 73,50 71,00 1014,29 357,14
75 73,75 73,00 1042,86 367,20
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4. UNNOTCHED SPECIMEN IN PURE METHANOL
Scuola di
Stress-Assisted Corrosion Damage V, July 15-20, 2018, Hernstein, Austria
𝐾𝑡 = 1.18
About 700 MPa
expected
Due to no 
STOA 
treatment?
Methanol
concentration?
4. UNNOTCHED SPECIMEN IN PURE METHANOL
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2018, Vol. 112, July 2018, 301-307
Scuola di
Stress-Assisted Corrosion Damage V, July 15-20, 2018, Hernstein, Austria
Tank completely sealed and completely full (air 
and moist cannot contaminate the methanol)
5. SHARP NOTCHED SPECIMEN IN PURE METHANOL
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#                   
Step
time                 
[h]
LOAD CELL                         
[kN]
MIDDLE SECTION            
[MPa]
UPPER SECTION           
[MPa]
1 0,25
2 0,53 16,80 300,00 84,51
3 0,82 17,80 317,86 89,54
4 1,10 18,80 335,71 94,57
5 1,35 19,30 344,64 97,08
6 2,35
2 h 20’ 345 MPa
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After the 5th step, a break of 1h
When we came back the load read by 
the load cell was 0 kN.
We tried to restore the load but the 
rupture occurred.
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SUMMARY OF THE RESULTS
Scuola di
Stress-Assisted Corrosion Damage V, July 15-20, 2018, Hernstein, Austria
No notch sensitivity for “small” 𝐾𝑡? (ductile behavior even if the rupture occurred 
without “warning signs”)
No difference between EDM notch paraffin oil and air
Methanol is aggressive only if it is very pure and not contaminated by moist?
Pure methanol with sharp notch has detrimental effects
CONCLUSIONS
Scuola di
Stress-Assisted Corrosion Damage V, July 15-20, 2018, Hernstein, Austria
Chemical analysis of the methanol after the test
Microscopic analysis
FOLLOWING STEPS
Repetition of the tests (we have a few data)
Scuola di
Stress-Assisted Corrosion Damage V, July 15-20, 2018, Hernstein, Austria
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